enal Doppler was introduced in the 1980s to screen for renovascular disease and detect renal artery stenosis.
reference values in healthy adults, with a sample size of ≤194 participants. 4, 5, [10] [11] [12] [13] [14] [15] [16] Most of them have described an increase of RRI with age and even suggested a value >0.7 as being pathological without establishing normal values according to age. One study from the 1990s found RRI to be associated with heart rate, 10 but other factors have not been systematically explored in a population-based sample.
During the past 10 years, there has been an increasing interest in studying renal hemodynamics in patients with cardiovascular risk. In patients with hypertension, an increased RRI has been associated with target organ damage, [17] [18] [19] [20] [21] albuminuria, and aortic stiffness, 22 as well as adverse cardiovascular and renal outcomes. 23, 24 In patients with diabetes mellitus, RRI predicted renal function decline, albuminuria, or arterial stiffness. [25] [26] [27] [28] RRI has also been associated with renal damage at biopsy 29 and longterm progression of kidney disease in chronic renal failure. [30] [31] [32] [33] [34] Despite the interest of RRI in the recent literature, there is a lack of reference values and exploration of associated factors based on a large population-based sample. Whether RRI aggregates in families is also unknown. The purpose of our study was, therefore, to analyze RRI, its associated factors, and heritability, as well as to determine normal values in a family-based population study.
Material and Methods
Extended methods are available in the online-only Data Supplement. Swiss Kidney Project on Genes in Hypertension (SKIPOGH) is a family-based cross-sectional study exploring the role of genes and kidney hemodynamics in blood pressure (BP) regulation and kidney function in the general population. 35 
Participant Selection
From December 2009 to March 2013, adult participants were recruited in 2 regions (Berne and Geneva) and 1 city (Lausanne) of Switzerland. A random sample of the inhabitants was drawn using different strategies. Inclusion criteria were (1) having a minimum age of 18 years; (2) being of European ancestry; (3) having ≥1 and ideally 3 first-degree family members willing to participate; and (4) providing a written informed consent. Pregnant or breastfeeding women were not included. The general participation rate was 27.1%. The SKIPOGH study was approved by the institutional ethical committees of each participating university hospitals.
Study Visit
Participants were seen in the morning after an overnight fast. BP was measured in clinic after a resting period of ≥10 minutes in the sitting position with an appropriately sized arm cuff and a nonmercury manual auscultatory sphygmomanometer (A&D UM-101; A&D Company Ltd, Toshima Ku, Tokyo, Japan).
Renal Doppler Ultrasound
In each center, the same experienced operator performed renal gray scale and color duplex ultrasounds according to a standardized procedure. 35 Participants were excluded from the present analysis in the presence of morphological kidney abnormalities, such as unilateral kidney, cysts, atrophy, stone, hydronephrosis, partial nephrectomy, horseshoe kidney, or any kidney malformation.
The assessment of the intrarenal vessels was made by duplex Doppler sonography. The RRIs were measured on 3 segmental arteries (superior, middle, and inferior) in each kidney. The values were then averaged to obtain the mean value for each participant. Participants with suspected renal artery stenosis were also considered as abnormal and excluded from the analysis.
The reproducibility of RRI measurements was assessed in a subgroup of 20 unrelated volunteers. We calculated inter-and intraobserver reproducibility using the Lin correlation coefficient for right and left RRI measurements. Inter-and intraobserver correlation coefficients for the right kidney were 0.75 and 0.89, respectively. For the left kidney, inter-and intraobserver correlation coefficients were 0.69 and 0.72, respectively.
Collected Variables

Laboratory Data
Blood venous samples were drawn after an overnight fast. Blood glucose, electrolytes, kidney and liver function, serum cholesterol, and triglycerides were analyzed by standard clinical laboratory methods.
Definitions
Diabetes mellitus was defined as present when reported or treated or when fasting glycemia was ≥7 mmol/L. Hypertension was defined as mean office BP ≥140/90 mm Hg or treated hypertension. Pulse pressure (PP) was calculated as systolic BP (SBP) minus diastolic BP (DBP). The chronic kidney disease epidemiology collaboration formula was used to estimate the glomerular filtration rate (eGFR). 36 Chronic kidney disease (CKD) was defined as an eGFR <60 mL/min per 1.73 m 2 .
Statistics
All continuous variables are expressed as mean±SD and categorical variables as frequencies. Normal distribution was assessed graphically. Serum triglyceride levels were log transformed before statistical analysis. t Tests and χ 2 tests were performed to compare baseline characteristics for continuous and categorical variables, respectively.
Factors Associated With RRI
We conducted univariate analyses to look for associations between RRI and the following variables of interest: age, body mass index (BMI), SBP, DBP, heart rate, PP, renal function (serum creatinine, continuous eGFR, eGFR tertiles, CKD stages, or CKD status), serum total cholesterol, serum triglycerides, smoking, diabetes mellitus, hypertension, and antihypertensive treatment. Spearman tests were conducted to obtain rank correlations.
To take familial correlations into account, we applied multivariable linear mixed regression models adjusted for study center to determine the independent association of each variable with RRI. Results of all linear analyses are presented as β coefficients and their 95% confidence intervals. Using a backward elimination approach, removing one by one the variable with the highest nonsignificant P value, only significant variables (P<0.05) were kept in the final model.
Analyses were performed first in all participants and then repeated after excluding the participants with diabetes mellitus, hypertension (office BP ≥140/90 mm Hg or treatment), and CKD to obtain associated factors and normal values in the healthy population. As we found the same factors associated with RRI, including similar effect sizes, when restricting the analyses to the left or right kidney, we only present combined analyses for both kidneys. Statistical significance was considered for a 2-sided P<0.05. Statistical analyses were conducted using STATA version 12.0 (StataCorp, College Station, TX).
Reference Values for RRI According to Sex and Age
Reference intervals for RRI by participants' age were computed using the LMS method. 37 These analyses were performed with R version 2.15.1 (R Core Team [2012] , Vienna, Austria) using the GAMLSS package. 38 Sex-and age-specific reference values were computed for people without diabetes mellitus or hypertension.
Heritability Estimates
We estimated heritability of RRI using the ASSOC program in the Statistical Analysis for Genetic Epidemiology (SAGE) package, version 6.3, as described previously. 39 To estimate heritability, ASSOC uses a linear regression, allowing for covariates to be entered in the model. Participants with diabetes mellitus, hypertension, or CKD were excluded from the analysis to study healthy participants (n=572). Observed differences between men and women were similar as in the complete population. Their characteristics by sex are shown in Table S1 in the online-only Data Supplement. A flow chart of the study participants is depicted in Figure S1 .
Factors Associated With RRIs
In univariable analyses including all the participants (n=726), RRI was significantly higher in women than in men (0.64±0.05 versus 0.62±0.05; P<0.001), in diabetic than in nondiabetic participants (0.70±0.07 versus 0.63±0.05; P<0.001), and in hypertensive than in normotensive participants (0.66±0.06 versus 0.62±0.05; P<0.001), as illustrated in Figure S2 . Participants treated for dyslipidemia or hypertension, smokers, and participants who were overweight or obese had significantly higher RRI than those without the corresponding characteristics (data not shown).
Stratifying We built a multivariate model including all variables explored in the univariate analysis, taking into account the familial correlations and adjusting for study center. The final model is presented in Table 2 separately for men and women. In the fully adjusted model, eGFR, lipids, smoking, hypertension treatment, and diabetes mellitus were no longer associated with RRI in both women and men. After applying a backward stepwise regression, the final model was similar in women and men, with age, SBP, and BMI being positively associated with RRI, whereas heart rate and DBP were negatively associated. When PP was inserted into the model instead of SBP and DBP, it was also positively and independently associated with RRI (data not shown). Hypertension treatment was not associated with RRI when SBP and DBP were excluded from the model. Regarding the renal function, even after including in the model eGFR tertiles, CKD stages, or the presence of CKD defined as an eGFR<60 mL/min per 1.73 m 2 , we could not find an association with RRI. The analyses were repeated in healthy participants without diabetes mellitus, hypertension, or CKD. We found similar associations with coefficients in the same range (Table S2) . Only BMI was not associated anymore with RRI in women in this subset. Figure 1 shows the association of SBP, DBP, and PP with resistive index adjusted for all the variables included in the final models with the 95% confidence interval. We observed that the direction of association is similar in all (n=726) and healthy (n=572) participants.
Reference Values for RRI According to Age and Sex
Reference values expressed as percentiles of RRI according to sex for a large age range in participants without hypertension, diabetes mellitus, or CKD (healthy, n=572) are shown Continuous variables are expressed as mean±SD and categorical ones as numbers and percentages (%). BMI indicates body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; RRI, renal resistive index; and SBP, systolic blood pressure.
*Arterial hypertension was defined as treated or BP ≥140/90 mm Hg and diabetes mellitus as treated or glycemia ≥7 mmol/L. 
Heritability Estimates
Adjusted heritability estimates for RRI are shown in Table 3 . In the whole population, age-, sex-, and center-adjusted heritability was 38% with a sibship component and 41% otherwise (both P<0.001). Further adjustment for SBP, BMI, and heart rate hardly modified heritability estimates, which remained 40% to 42%. In the subset of healthy participants, heritability estimates were similar (37%-40%; P<0.001).
Discussion
This study describes RRI in a large multicentric family-based population study and provides reference values according to sex and age in a large sample of healthy adults with morphologically normal kidneys. We found that female sex, higher age, SBP, and BMI were associated with higher RRI values and that higher DBP and heart rate were associated with lower RRI. In the multivariable analysis adjusted for age, BP, and BMI, neither renal function nor cardiovascular risk factors, such as diabetes mellitus, treated hypertension, smoking, or cholesterol, were independently associated with RRI. In addition, our data demonstrate that RRI is a heritable trait.
Although previous studies with smaller sample size did not describe or find any sex differences in RRI, 4, 13 larger ones also found that women had higher values even when adjusting for other factors. 13, 21, 24 We do not have a satisfactory explanation for this observation, although hormonal differences might play a role.
Age is a known determinant of RRI. Some groups have specifically studied the age dependency of RRI in adults. 4, 5, 11, 14, 15 Nevertheless, to our knowledge, only 2 smaller studies provided continuous baseline values for the healthy population according to age, 11, 16 but subjects were not randomly selected and the studies were not population based. We also showed that the relationship of RRI with age is nonlinear and that RRI increases sharply after 40 years of age. This age dependency is probably at least partly because of the characteristics of the aging kidney with small vessel changes, because RRI has been associated with arteriosclerosis and fibrosis in kidney biopsy studies. 29, 30, 40 Another explanation might be the age-related change in vascular compliance. In our study, we observed a positive correlation of RRI with SBP and an inverse correlation with DBP. This underlines the importance of the PP as a determinant of the RRI. This has been demonstrated previously. 18, 22, [41] [42] [43] PP is a surrogate parameter of systemic arterial stiffness, and this parameter increases with age. 44 However, we found an age-independent effect of BP even in participants without hypertension. This observation supports the hypothesis that vascular compliance affects RRI more than vascular resistance. 8, 42 Many authors have used >0.70 as the cutoff to consider RRI values as abnormal. On the basis of our results, we think that RRI threshold values other than 0.7 might be appropriate depending on the age group. For instance, the 97th percentile among nondiabetic, nonhypertensive, and non-CKD participants presented in Figure 2 could serve as a suitable cutoff in settings similar to the Swiss one, considering the populationbased and multicentric nature of our sample.
Our results on heart rate are also consistent with 1 previous report. 10 At a higher heart rate, the RRI measured is lower because of the higher end-diastolic velocity registered. This observation highlights the importance to interpret RRI cautiously in the presence of an abnormal heart rate.
The negative association of RRI with eGFR in univariate analyses resolved on adjustment for age. In multivariable analyses, we found no independent association of RRI with renal function (eGFR), diabetes mellitus, or hypertension treatment. This could be either because of the low number of patients with diabetes mellitus, hypertension, or CKD in our study or because of overadjustment if some of these variables lie in the causal pathway influencing RRI. It might also be a consequence of the exclusion from the analyses of adults with structural kidney abnormalities (n=273). Excluded participants presented higher RRI but had also a higher prevalence of diabetes mellitus and hypertension, higher BMI, and lower eGFR. In fact, whenever adults with abnormal kidneys were included in the multivariable analyses without stratifying by sex, arterial hypertension and diabetes mellitus were found to be significantly associated with RRI (data not shown). However, this was not the case when stratifying by sex. For CKD, we only observed an association when eGFR was dichotomized into <60 or ≥60 mL/min per 1.73 m 2 in all adults and, when stratifying by sex, only in men. This underlines the importance of considering the presence of kidney abnormalities before interpreting RRI values and sex in further studies on RRI.
To our knowledge, this is the first study to demonstrate that RRI is a heritable trait. Because BP and arterial stiffness have been shown to be heritable, this finding is not surprising. However, this result was also confirmed in participants without diabetes mellitus, hypertension, or CKD. The clinical use of this finding is unclear, but we can imagine that families with lower RRI might have a slower deterioration of renal function with aging. Prospective studies are needed to test this hypothesis. This result justifies looking for genes involved in the control of RRI.
RRI has recently been identified as an important, noninvasive prognostic factor for the identification of target organ damage and risk of renal deterioration in patients with arterial hypertension, diabetes mellitus, or CKD. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [30] [31] [32] [33] [34] To interpret this measure correctly, it is important to better understand its associated factors. Here, we identify key determinants of RRI, and our study allows the establishment of reference values based on a large sample of the general population. Other strengths are the use of the same standardized protocol across centers and the good observed reproducibility. The significant heritability estimates of RRI are also a good indicator of the quality of the data because noise (eg, generated by poor reproducibility) tends to increase the total phenotypic variance (ie, the denominator of the ratio used to estimate heritability) and not the additive genetic variance (ie, the numerator).
This study has some limitations. Its cross-sectional nature limits causal inferences. The effect sizes we found for the factors associated with RRI were rather small, which might be considered as not clinically relevant (ie, at the individual level). This, however, does not imply that such effects are not relevant from a public health perspective. For instance, small BP changes (2-3 mm Hg) may have a substantial effect on cardiovascular outcomes at the population level. An arteriography was not part of the protocol, and patients with renal stenosis, accessory, or multiple renal arteries might have been included in our study. All those variations tend to lower the RRI according to a previous study. 12 We only included participants of European ancestry, and therefore, our findings might not be generalizable to other populations. Race differences have not been studied in this field to date. Diabetes mellitus, hypertension, and kidney function were not found to be independently associated with RRI in our study. This could be because of the small number of patients with those pathologies after the exclusion of people with renal structural abnormalities. This does not mean that those factors do not have to be taken into account when interpreting RRI values, but our data suggest that their effect on RRI in patients with a normal ultrasound is low once adjusted for age and BP. Finally, although there was no difference in terms of age and sex between the participants and the sample from the general population from which it was drawn, the participation rate allows thinking that we might have a selection bias with a healthier participant effect. This probably prevents generalization of our results to sicker populations.
Conclusions
In summary, this study shows that the main determinants of the RRI in the general population are sex, age, SBP, DBP, and heart rate. The age-and sex-specific reference values provided can be used to interpret RRI in similar populations and settings. We highlight a nonlinear association with age in both men and women with a steep age-related increase in RRI after 40 years of age. Finally, this family-based study demonstrates that resistive indexes are heritable, justifying the search for genes involved in the regulation of the RRI.
What Is New?
• We provide age-and sex-specific reference values for the renal resistive index (RRI). We demonstrate that RRI is heritable in the general adult population.
What Is Relevant?
• In the general population, many healthy subjects have RRI >0.7 after 40 years of age, questioning the use of this threshold value in the general population.
• The association of RRI with blood pressure highlights the importance of this parameter in the evaluation of RRI independently of hypertension treatment.
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Extended Material and methods
SKIPOGH (Swiss Kidney Project on Genes in Hypertension)
is a family-based crosssectional study exploring the role of genes and kidney hemodynamic in blood pressure (BP) regulation and kidney function in the general population 1 . SKIPOGH is embedded in the large European Project on Genes in Hypertension (EPOGH) study, with which it shares a similar protocol 2 .
Participant selection
From December 2009 to March 2013, adult participants were recruited in 2 regions (Bern and Geneva) and 1 city (Lausanne) of Switzerland. A random sample of the inhabitants was drawn using different strategies. In Geneva, an index list was provided by the population-based Bus Santé study 3 , in the city of Lausanne probands were taken from the population-based CoLaus study 4 and in Bern a new set of participants was made available by the cantonal telephone registry. Inclusion criteria were: (1) having a minimum age of 18 years; (2) being of European ancestry; (3) having at least 1 and ideally 3 first degree family members willing to participate; (4) providing a written informed consent. Pregnant or breastfeeding women were not included. The general participation rate of contacted and eligible adults was 27.1%. We observed 70.2% refusals and 2.1% drops out. The SKIPOGH study was approved by the institutional ethical committees of each participating university hospitals.
Study visit
Participants were seen in the morning after an overnight fast. Blood pressure (BP) was measured in clinic after a resting period ≥10 minutes in the sitting position with an appropriately sized arm cuff and a non-mercury manual auscultatory sphygmomanometer (A&D UM-101; A&D Company, Ltd, Toshima Ku, Tokyo, Japan) validated by our group 5 . Clinic BP and heart rate were calculated as the mean of the 4 last values over 5 consecutive readings. Body weight and height were measured in light indoor clothing and body mass index (BMI) was calculated.
Renal Doppler Ultrasound
In each center the same experienced operator performed renal gray scale and color duplex ultrasounds according to a standardized procedure 35 . The Aplio XG device (Toshiba Systems, AG/SA, Switzerland) was used for imaging in Geneva and Lausanne, the Accuson S2000 device (Siemens Healthcare, Erlagen, Germany) in Bern. First maximal kidney length, width and transverse diameters were assessed in B mode in the supine position or in the left/right decubitus position, as required. Morphological evaluation of both kidneys was performed and any anomaly was reported. Participants were excluded from the present analysis in the presence of morphological kidney abnormalities such as: unilateral kidney, cysts, atrophy, stone, hydronephrosis, partial nephrectomy, horseshoe kidney or any kidney malformation.
The assessment of the intrarenal vessels was made by duplex Doppler sonography. A 3.5 MHz convex array transducer was used and a pulsed Doppler frequency of 2.5MHz. Waveforms were optimized for measurement using the lowest pulse repetition frequency without aliasing. The renal resistive indexes (RRIs) were measured on three segmental arteries (superior, middle and inferior) in each kidney. From each recording the RRI was measured only when at least 3 similar consecutive waveforms were obtained. The values were then averaged to obtain the mean value for each participant. The measures were taken at the end of expiration, in breath hold, and care was taken that participants were not performing a Valsalva manoeuver. The Doppler angle was kept below 60°. Participants with suspected renal artery stenosis were considered as having an abnormal ultrasound and also excluded from the analysis. Suspicion was based on a difference in RRI greater than 0.05 between the left and right kidney, an acceleration time greater than 0.07 and a tardus parvus waveform. As the assessment of multiple or accessory renal arteries was not the aim of our study and such arterial abnormalities are often missed by ultrasound, we did not consider this as an exclusion criterion.
The reproducibility and repeatability of RRIs measurements was assessed in a subgroup of 20 unrelated volunteers. Measurements were performed twice, by the same operator, on different days but identical conditions, to assess intra-observer variability, and by different operators to assess inter-observer variability. The operators were blinded to the previous result; in order to avoid recall-bias, an interval of minimum 2 weeks and maximum 1 month elapsed between the measurements. We calculated inter-and intra-observer reproducibility and repeatability using Lin's correlation coefficient for right and left RI measurements. According to Landis and Koch coefficients are interpreted as excellent if higher than 0.8, as substantial if between 0.6 and 0.8, and as moderate if between 0.4 and 0.6 6 . Inter and intra-observer correlation coefficients for the right kidney were 0.75 and 0.89, respectively. For the left kidney inter and intra-observer correlation coefficients were 0.69 and 0.72, respectively.
Between-artery variability calculated as the median standard error of the measurements of the upper, middle and lower intra-renal arteries within each kidney was 0.01 (percentiles 25-75: 0.006−0.015) on the right and 0.009 (percentiles 25-75: 0.006−0.015) on the left. We finally assessed intra-operator intra-artery variability by measuring RRI 3 times in the same artery in the same kidney and same patient and obtained a measurement error ranging from 0.005 to 0.007 depending on the artery and kidney side
Variables collected a. Laboratory data
Blood venous samples were drawn after an overnight fast. Blood glucose, serum electrolytes, kidney and liver function tests as well as serum cholesterol and triglycerides were analyzed by standard clinical laboratory methods at the local University laboratories. Serum creatinine was measured using an IDMS-traceable Jaffe kinetic compensated method.
b. Questionnaire
A questionnaire was filled in at home asking information on current and past medical history, medication and habits (nutritional, smoking, alcohol). Smoking and alcohol were considered as present when participants reported to be active smokers or drinkers. 
c. Definitions
Diabetes was defined as present when reported or treated, or when fasting glycemia was ≥7 mmol/l. Arterial hypertension was defined as mean office BP ≥140/90 mmHg or treated hypertension. Pulse pressure (PP) was calculated as systolic blood pressure (SBP) minus diastolic blood pressure (DBP). The CKD-EPI formula was used to estimate the glomerular filtration rate (eGFR) 7 . CKD was defined as an eGFR less than 60ml/min/1.73m 2 .
Statistics
All the continuous variables are expressed as mean and standard deviation (±SD) and categorical variables as frequencies. Normal distribution was assessed graphically. Serum triglycerides levels were log transformed before statistical analysis. T-tests and chi-square tests were performed to compare baseline characteristics for continuous and categorical variables, respectively.
a. Factors associated with renal resistive index
We conducted univariate analyses to look for associations between RRI and the following variables of interest: age, BMI, SBP, DBP, heart rate, PP, renal function (serum creatinine and eGFR), serum total cholesterol, serum triglycerides, smoking, diabetes and treated arterial hypertension. Spearman tests were conducted to obtain rank correlations. The linearity of the association with RRI was assessed graphically but also by including a quadratic term in the regression analysis for age, SBP, DBP and eGFR.
In order to take familial correlations into account, we applied multivariable linear mixed regression models adjusted for study center to determine independent association of each variable with RRI. Results of all linear analyses are presented as beta-coefficients (β) and their 95% Confidence Intervals (95% CI). Using a backward elimination approach, removing one by one the variable with the highest non significant p value, only significant variables (p<0.05) were kept in the final model. PP could not be included at the same time as SBP and DBP in the model because of co-linearity. For the same reason we adjusted the model for hypertensive treatment instead of arterial hypertension (office BP ≥140/90 mmHg or treatment). Association between treated hypertension and RRI was tested with and without SBP and DBP in the model. Interaction with sex was tested for all covariates. As there was a significant sex by age interaction associated with RRI (p=0.003), multivariate analysis were done separately for men and women. Interactions of other variables with sex were strictly dependent on the sex-age interaction. As we found the same factors associated with RRI including similar effect sizes when restricting the analyses to the left or right kidney, we only present combined analyses for both kidneys.
In order to study more deeply the association of the renal function, we analyzed eGFR as a continuous variable but also as a dichotomic one (eGFR<60ml/min/1.73m 2 vs eGFR≥60ml/min/1.73m 2 ), categorical one (KDOQI CKD stages 0 to 3) and finally tertiles to have homogeneous numbers across groups.
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Analyses were done first in all participants and then repeated after excluding all diabetic, hypertensive (office BP ≥140/90 mmHg or treatment) and CKD participants in order to obtain associated factors and normal values in the "healthy" population. Statistical significance was considered for a two-sided p<0.05. Statistical analyses were conducted using STATA 12.0 (StataCorp, College Station, Texas, USA).
b. Reference values for renal resistive index according to sex and age
Reference intervals for RRI by participants' age were computed using the LMS method 8 . These analyses were performed with R 2.15.1 (R Core Team, 2012, Vienna, Austria) using the GAMLSS package 9 . The Bayesian information criterion (BIC) was used to select the best model. The mean parameter was fitted using cubic splines whereas the coefficient of variation and the Box-Cox transformation parameter were held constant throughout all age values. Sex and age specific reference values were computed for persons without diabetes or arterial hypertension.
c. Heritability estimates
Heritability is a measure of familial resemblance. It is useful in family-based studies to estimate the role of genes in a specific phenotype. In general, heritability estimates higher than 0.5 reflect high heritability and estimates between 0.2-0.5 are considered to reflect moderate heritability 10 .
We estimated heritability of RRI using the ASSOC program in the Statistical Analysis for Genetic Epidemiology (S.A.G.E) package, version 6.3, as described previously 10 . To estimate heritability ASSOC uses a linear regression, allowing for covariates to be entered in the model. The main model included age, age 2 , sex, and study center as covariates. Another model additionally included BMI, SBP and heart rate. Heritability was estimated as the polygenic component divided by the total variance. We also explored whether adding a sibship component of variance influenced heritability estimates. Heritability estimates are expressed as h 2 values with standard error (SE). Lambda coefficient (λ') is a power transformation chosen to best approximate multivariate normal distribution of the residuals within pedigrees. For example: λ'=1 is equivalent to no transformation and λ'=0 is equivalent to a log-transformation.
As diabetes, hypertension and CKD are heritable, the model was also built in "healthy" participants.
Supplementary references:
7 
Supplementary
